Introduction
Over the past decade, Intensive Care Medicine has led the way in identifying a group of critically ill patients who have both an underlying disease (linked to immune suppression) and an acute trigger (immune-, malignancy-, or infection-related) that result in an increased T H 1 response marked by cooperation between T cells and macrophages as well as the effectors of the interferon gamma response which activate the reticuloendothelial system [1, 2] . These patients have uncontrolled inflammation and high mortality that appears to be reduced by early treatment of hemophagocytic lympho histiocytosis (fHLH) within 24 h of diagnosis (median 5 h) [1, 2] . These patients fulfill 5 of 8 criteria including (1) fever >7 days, (2) splenomegaly, (3) bicytopenia (hemoglobin <9 g/dL, platelet count <100,000 mm 3 , neutrophil count <1100/ mm 3 ), (4) hypertriglyceridemia (>3.0 mmol/L fasting value), or hyperferritinemia (>500 ng/L), (5) low (<10%) or absent NK cell activity, (6) hypofibrinemia (<1.5 g/dL), (7) increased soluble CD25 levels (>2400 IU/mL), and (8) histological hemophagocytosis in reticulo-endothelial system organs including spleen, liver, bone marrow, or lymph nodes. Authors have recently proposed adding aspartate aminotransferase and underlying immune suppression to the eight criteria to craft an 'H-score' that facilitates early diagnostic certainty [3] . These clinical criteria do not distinguish between patients with familial fHLH, reactive hemophagocytic lympho histiocytosis (rHLH), macrophage activation syndrome (MAS), or sepsis-induced multiple organ dysfunction syndrome (MODS) [4, 5] .
Adults, and children over 2 years of age without a family history of a child dying of fever in the family, or consanguinity, or a primary central nervous system presentation, are less likely to have fHLH [4] . Etiologies for uncontrolled inflammation in adults and older children are often related to (1) viral, intracellular, bacterial, fungal, and parasitic infections (sepsis-induced MODS/ rHLH), (2) cancer or other immune deficiencies (rHLH), and (3) systemic diseases including autoimmune disease and drug exposures (MAS) [1, 2, 4, 5] . To help address diagnostic and therapeutic challenges in this regard, we illustrate five prototypical cases that provide a 'consideration framework' for potential clinical approaches ( Fig. 1) , recognizing that the absence of any randomized trials is the basis of considerable controversy regarding treatment choices.
A febrile infant with fHLH, a non-malignant lymphoproliferative disorder
The intensivist elicits a history of another child in the family dying from 'fever' and consanguinity in an infant who presents with central nervous system findings of seizures. A bone marrow aspirate is attained and the infant is started on dexamethasone, IVIG, and etoposide. The genetic analysis comes back 1 month later showing a homozygous UNC13D gene variant which leads to ineffective NK cell killing of virus infection and ineffective activated immune cell death. After recovery, the child is brought back for bone marrow transplantation. The etiology is commonly a viral infection in a host who has a genetically determined inability to induce *Correspondence: carcilloja@ccm.upmc.edu 1 University of Pittsburgh, Pittsburgh, PA, USA Full author information is available at the end of the article granzyme-perforin-mediated cytolytic killing. In these children, non-malignant lymphoproliferation leads to high levels of lymphocyte derived interferon γ that activates macrophages. Dexamethasone induces lymphocyte apoptosis and reduces macrophage activation, IVIG neutralizes the viral infection, and etoposide kills proliferating CD8 lymphocytes [6, 7] .
A febrile immunocompromised patient with myelodyplasia or malignant lymphoproliferative disorder
The intensivist consults a hematologist who performs a bone marrow and finds hemophagocytosis. The hematologist tells the intensivist that she has seen this before in other lymphoproliferative disorders including Castleman's disease. The hematologist begins etoposide and a chemotherapeutic regimen to stop lymphoproliferation. Although lymphoproliferation is driven by malignant transformation in this patient, it still leads to interferon γ-stimulated macrophage activation. Therapy is directed to stopping malignant transformation and killing cancer cells [1, 2] .
A febrile immunocompromised patient with pancytopenia after chemotherapy and bone marrow transplant
A 28-year-old patient with leukemia recalcitrant to rounds of chemotherapy has an absolute neutrophil count >500/mm 3 ; however, the NK cell count is zero from chemotherapy and failed bone marrow engraftment. The intensivist suspects florid DNA viremia, and obtains diagnostic tests for HSV, HHV6, HHV8, EBV, CMV, HIV, parvovirus, and BK virus to guide appropriate anti-viral therapy. Natural killer (NK) cells recover from chemotherapy long after neutrophils [8, 9] . Macrophage activation is driven by CPG motifs of DNA viruses stimulating TLR9-mediated inflammasome activation that, in the absence of NK cells, is uncontrolled. When NK cells and blasts are absent, consideration can be given to holding chemotherapy until NK counts recover. The DNA viruses are treated with IVIG and antivirals. Epstein-Barr virus can be treated with anti CD20 monoclonal antibody (rituximab) to eradicate the B cell reservoir. Anti-inflammatory biologics that decrease inflammation may also be considered while awaiting NK cell count recovery. The intensivist calls the rheumatologist who believes the presentation is consistent with adult onset stills disease (the adult form of systemic juvenile arthritis)-related MAS. She starts the patient on corticosteroids and Anakinra [10] [11] [12] . Other laboratory testing is sent to rule out Systemic Lupus Erythematosis, Sarcoidosis, Scleroderma, Sjogren's, and Kawasaki's disease [1, 2] . Patients with autoimmune rheumatologic disease have increased inflammasome activation and reduced NK activity without lymphoproliferation. Corticosteroids and Anakinra are indicated to control inflammasome activation. Other immune suppressants and chemotherapeutics such as cyclophosphamide, methotrexate, tocilizumab, or etoposide as well as plasma exchange are considered if the patient remains recalcitrant [10] .
A febrile patient with sepsis induced MODS and features of macrophage activation syndrome
Antibiotics and source control are implemented. The intensivist treats shock, AKI, and ARDS in this patient who also has hepatobiliary dysfunction and disseminated intravascular coagulation. The patient is treated with plasma exchange (if AKI and thrombocytopenia are present), IVIG, and Anakinra [4, 12, 13 ]. An exhaustive search ensues for bacteria including mycoplasma, rickettsia, legionella, chlamydia, brucella, and borrelia; fungi and parasites including histoplasmosis, babesia, leishmaniasis, pneumocystis, aspergillus, toxoplasmosis, cryptococcus, and candida, and viruses including EBV, CMV, HSV, HIV, HHV8, HHV6, parvovirus, adenovirus, and influenza so that appropriate anti-microbial therapy can be used [1, 2] . Corticosteroids are considered if the patient does not have a contra-indicated infection such as HSV. Septic patients have low NK and CD8 cell numbers. Improvement occurs when NK cell and CD8 lymphocyte counts recover. [1, 2, 4, 7, 12] .
Conclusion
Clinical history and presentation with new onset hyperferritinemia help the intensivist to recognize uncontrolled inflammation and need for subspecialty consultation. Determination of the best treatment approaches for these patients is in need of clinical trial evaluation. 1 University of Pittsburgh, Pittsburgh, PA, USA.
Author details
2 Faculty Pavilion, Children's Hospital of Pittsburgh, Suite 2000, 4400 Penn Ave, Pittsburgh, PA 15224, USA.
